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Tém tat

Bai bao nay nghién ctru phwong phap diéu khién hé nhiéu dau vao - nhiéu dau ra (MIMO), véi dbi twong nghién
ctvu 1a hé thdng diéu khién mirc nwéc va nhiét do trong binh chiva. Hai phwong phép diéu khién dwoc siv dung
la: Diéu khién tach kénh phan hdi Falb-Wolovich va diéu khién hoc I&p. Phuong phap Falb-Wolovich gitp loai bd
sw twong tac gira cac kénh dau vao - dau ra, ddm bao hé théng dat dwoc trang thai n dinh véi it sai léch hon.
Trong khi d6, phwong phap hoc 18p cho phép hé théng tw diéu chinh, cai thién chat lwong qua nhiéu chu ky lam
viéc ma khéng can mé hinh héa chinh xac hé théng.

Két qua md phdng cho thay ca hai phuwong phap déu gitup hé théng hoat ddng 6n dinh, trong d6 diéu khién hoc
l&p cé thdi gian dap ng nhanh hon nhwng cé dd qua diéu chinh cao hon. So véi cac phwong phap truyén théng
nhw PID hay diéu khién m&, hai phwong phap nay mang lai hiéu qua cao hon trong viéc duy tri n dinh hé théng
MIMO c6 tinh twong tdc manh. Bai bao ciing phan tich chi tiét wu diém cla tirng phwong phap, tir d6 dwa ra cac
dé xuét vé viéc lwa chon phwong phap phu hop trong cac trng dung thuce té.

Twr khéa: Hé MIMO; diéu khién tach kénh; Falb-Wolovich; hoc Iap; diéu khién qué trinh.

Abstract

This paper studies control schemes for Multi-Input Multi-Output (MIMO) systems, with a focus on regulating
water level and temperature in a mixing tank. Falb-Wolovich Decoupling Feedback Control and Iterative Learning
Control are deployed on the given plant. The Falb-Wolovich approach effectively eliminates interactions between
input and output channels, ensuring system stability with minimal deviation. Meanwhile, lterative Learning
Control allows the system to self-regulate, improving performance over multiple cycles without requiring an exact
system model.

Simulation results demonstrate that both schemes stabilize the system effectively. However, lterative Learning
Control provides a faster response time but increasing the overshoot. Compared to traditional methods such
as PID or Fuzzy Control, these approaches ensure the system stability in highly interactive MIMO systems.
Additionally, the paper also provides a detailed performance analysis of each method, offering recommendations
for selecting the most suitable approach in practical applications.

Keywords: MIMO systems; decoupling control; Falb-Wolovich; iterative learning control; process control.

1. DAT VAN BE gitp cai thién chéat lwong, tang tinh 6n dinh va kha nang
thich (rng clia hé thdng. Nghién ctru nay tap trung vao
bai toan diéu khién m&c nwédc va nhiét dd trong binh
chtva - mét hé théng phd bién trong cong nghiép hoa
chét va ché bién thwe phdm. Trudc day, nhiéu phwong

Diéu khién qua trinh 1a mét linh vwc quan trong trong
tw dong héa cong nghiép, déc biét khi déi twong diéu
khién c6 nhiéu diu vao - nhiéu dau ra (MIMO). Cac hé
MIMO c6 dac diém 1a cac bién dau ra bi anh hudéng

I&n nhau, gay kho khan trong thiét ké bo diéu khién [1].
Viéc phat trién cac phwong phap diéu khién nang cao

Nguwoi phan bién: 1. PGS.TS. Bui Dang Thanh
2. TS. Nguyén Trong Cac

phap diéu khién khac nhau da dwoc ap dung cho hé
thdng nay, bao gébm diéu khién PID [2], diéu khién m&
[3], didu khién thich nghi [4] va diéu khién dw bao mé
hinh [5]. Trong d6, diéu khién PID don gidn nhung gép
kho khan khi hé thdng c6 tinh twong tac manh gitra
cac kénh vao-ra, diéu khién md gilp cai thién chét
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lwong trong méi trwdng phi tuyén, diéu khién thich
nghi phti hop v&i cac hé théng cé déc tinh thay dbi
theo thoi gian va diéu khién dw bao md hinh mang lai
chét lwong cao nhwng yéu cau tinh toan phirc tap. Hai
phwong phap diéu khién chinh dwoc st dung trong
nghién ctru nay 1a diéu khién tach kénh Falb-Wolovich
[6] va hoc 1&p [7-9], gitp gidm thiéu sw twong tac gitra
cac kénh vao-ra va cho phép hé thdng diéu chinh theo
thoi gian.

2. MO TA HE THONG
Hé théng binh trén bao gém (Hinh 1):

I v

Binh nuwéc
lanh

Binh nuée
nong

Binh nudc
hon hop

Cam bién Cam bién
mirc nrée nhigt do

I T

Bo didu khién

Hinh 1. C4u tao hé théng diéu khién binh tron
- Nguén nwéc néng va nguén nwéc lanh, méi ngudn céd
mot van diéu chinh lwvu lwong.

- Binh chtra chinh, noi nwéc dwoce trén va duy tri mdc
nwéc can thiét.

- Van xa bang tay, kiém soat lwu lwgng nwéc thoat ra.
- Cam bién nhiét d6 va cdm bién mirc nwéc, giup thu
thap div lieu dé diéu khién.

2.1. Nguyén ly hoat dong

Hé thdng van hanh bang cach diéu chinh lwu luwong
nwédc néng va lanh dé dat dwoc nhiét d mong muén,
ddng thdi duy tri mirc nwéc 6n dinh. Khi van nwédc
néng hodc lanh mé&, nwéc chady vao binh, hoa tron va
thay ddi nhiét o trong binh. Van xa dwoc diéu chinh
dé duy tri m&rc nwédc béng cach diéu chinh lwu lvong
nwéc thoat ra. Cac cam bién do nhiét dd va mirc nwéc
trong binh, cung cap di liéu cho bd diéu khién nhadm
thwe hién diéu chinh thich hop.

2.2. M6 hinh toan hoc

2.2.1. Céc bién qud trinh

Bién diéu khién:

- Lwu lvgng dong nwdc noéng: o (m3/s).

- Lwu lwgng dong nwéc lanh: w(ms).

Bién cén diéu khién:

- Nhiét d6 trong binh: T(°C).

- Mtrc nwdc trong binh: h (m).
Nhiéu qué trinh:

- Nhiét d6 ngudn nuoc néng: T (°C).
- Nhiét d6 nguén nwoc lanh: T (°C).

- Lwu lwong nwéc chay ra: m(m?/s).

W Tn TI
BRER.
Wn=—"  Dpéitwong b
Wl i

Hinh 2. Céc bién qué trinh
2.2.2. Xay dwng phwong trinh mé hinh
+ Phwong trinh can bang khéi lwong:

Trong cung mét khodng thoi gian, khéi lwong nuéc
trong binh bang khéi lwong nwéc dwoc cap vao trir di
khéi lwong nwéc chay ra [1]:

m=m, +m,—m

ra

Aﬁ: o, +p.o,—po
pA—=pas, + o= p.
Trong dé:
p1a khéi lwong riéng cta nwédc (kg/md);
A la dién tich day cua binh nwédc (m3);
m la khéi lwong nwédc trong binh (kg);
m_ la khéi lwgng nwd'c ma ngudn néng cép (kg);
m, 1a khdi lvong nwéc ma ngudn lanh cép (kg);
m_ 1a khi lvgng nuwéce thoat ra (kg).
Tw phwong trinh trén, suy ra:
dh
A—=0 +t0, -0 (1)
dt
+ Phwong trinh can bang nang lvong:
Trong cung mét khoang th&i gian, nang lwong cla
binh bang tdng ndng lwong cla cac ngudn cép tr di
nang lwgng bi thoat ra khdi binh [1]:

U=U, 6 -U,
d(C.p.AhT)
dt
d(AhT
_ d(ART) _

dt
Trong dé:

=Cpo I +Cpwul —-Cpaol

oI +0,.1 -0l

C la nhiét dung riéng clia nwoc (J/Kg.K).

18 Tap chi Nghién ctru khoa hoc, Truomg Dai hoc Sao D, S6 1 (88) 2025
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AT@ Ahﬂ—a) I +o.1-0T
dt dt
Suy ra:

T
T(v,+o, —a))+A.h.ch =0, +0,.I -0l
t

Ah%—a) T, -T)+w(T,-T)

Nhuw vay, ta thu dwoc 2 phwong trinh mé hinh:

A—=0,+0,-0
t

Ahg—a)(T -T+ao(T,-T)

2.2.3. X4y dwng ma trdn khéng gian trang thai
T muc 2.2.2 ta cé 2 phwong trinh ciia mé hinh:

A.ﬁza)nwta)l—a)
dt

Ah. CZZ—T—a)(T -T+w/(1,-T)

Phwong trinh trén cho thay hé thdng c6 tinh phi tuyén,
do d6 can dwoc tuyén tinh hda quanh diém lam viéc dé
thuan tién trong thiét ké bo diéu khién.

Phwong trinh (1) twong dwong voi:

dh

x5 flo,,@)

Tai diém lam viéc:

f@.0)=~
A

_)C_Un+Q/ :C_U

=i.(a)n+a),—a))

(@,+0,-0)=0

Do phwong trinh (1) tuyén tinh nén:

CEU l.(Aa)n +Aw, —Aw)
dt A
Phwong trinh (2) twong dwong voi:
dT
—= ,ao,hT
i =g(®,,0, )
)
=—=(1, -T + 1,-T
5 ) ( )
Tai diém lam viéc:
g(@,,w,h,T)=0

—-0,T +0,1, =0l
S dung khai trién Taylor ta thu duoc:

CLY P Sy tied Sy Y
dt  Ah Ah Ah

+ 2 AT+ LAT,
Ah Ah

Nhw vay, ta thu dwoc hé phwong trinh:

@=l.(Aa)n+Aa),—Aa))
da A
dAT _T, T I,-T
Aw, 3)
dr Ah Ah
~ G AT + 8 AT, + 2 LAT,
Ah Ah Ah

Do gia thiét T , T, w khong dbi trong sudt thoi gian lam
vidc nén ta co Aw=AT, = AT, =0,

Khi d6 phwong trinh (3) twong duong:

dAh

dt

dAT _L,7L  vIimL py — 2 AT
dt — Ah Ah Ah

Ah Aw, it o
= ,u X, a co on
AT U | ag [YTX W phuong

trinh trang thai.

:—(A +Aw)

bat x

—=A. u
di T 4)

C:

3. THIET KE BO DIEU KHIEN

3.1. Thiét ké bo diéu khién tach kénh phan hdi Falb-
Wolovich

Bo diéu khién tach kénh phan héi Falb-Wolovich (Falb-
Wolovich Decoupling Controller) la mét phwong phap
diéu khién s dung ma tran bu dé tach kénh hé théng
nhiéu dau vao - nhiéu dau ra (MIMO). Diéu nay gitp bién
ddi hé théng vé dang don gian hon, sao cho mdi kénh
d4u vao chi anh hwdng dén mot kénh dau ra duy nhét.

Thuat toan tim cac bo diéu khién R va M cho bai toan
tach kénh sé nhw sau [6]:

Tai diém lam viéc ta co:

A=324cm?=0.0324 m* T =70°C, T = 20°C;

Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao Do, S6 1 (88) 2025
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o= 2.10%(m¥s); o = 2.105(m¥s);
w =4.10°%m3%s); h=0.1 m; T = 45°C.
Theo két qua tlr muc (2), tr d6 suy ra:

00
A=
0 —-0.01235

B_’ 31 31
| 7716.05 -7716.05

1o
(‘:
0 I}

Xac dinh bac twong ddir,, r, clia hé:

., 0.0324  0.0002
R=EFE"F =
0.0324 —0.0002
, 31 31 ,
—c .B=(10). #0
=1 7716.05 -7716.05
=1
¢, =01

—c' B=(0 1).[
- =1
Tiép theo:

B 31 31
E-= -
7 Bl | 7716.05 —7716.05

2

| 0.0162 0.0001
0.0162 0.0001

Chonb,=a, =2;b,=a, =3.
Khi do:

L_(h o) (20

o b)) 0 3

. aloc_T1+c_T1.A (20
azoc_T2+cl.A 0 3

Suy ra cac bd diéu khién M, R can tim Ia:

0.0324  0.0002 J

M=E"L=
0.0324 -0.0002

R=E'F=

0.0324  0.0002
0.0324 —-0.0002

31 31 T
=0
7716.05 -7716.05) ~

©)

3.2. Thiét ké bo diéu khién hoc lap

3.2.1. Nguyén ly va diéu khién

B diéu khién hoc 1&p dwoc thiét ké dwa trén nguyén ly
st dung théng tin ti cac lan 13p trwdc dé cai thién chat
lwong diéu khién trong cac chu ky tiép theo [7].

- Xac dinh cbng thitre hoc lap:
zk+1(‘|:) = Mk(T) +I;(€/((T),K)
Vi

T €[0, T], k = 0,1,..., N va f(e,(r),x) la ham hoc, anh
hwéng dén chat lwong diéu khién.

- Thuét toan diéu khién hoc lap:

+ Khéi tao:

Chon ham hoc f(e,(t),x) va tham sb hoi tu k cho no.
Xac dinh bwéc cap nhat di liéu Ts.

Tinh sé buéc didu khién trong mot chu ky: N=T/Ts. Gan
gia tri ban dau: u,(i) = r(i); e,(i) = 0voii=0,1,...,N-1.

+Vong lap diéu khién (v&i mbi budci=0,1,...,N-1):
Ap dung diéu khién u (i) vao hé thdng trong khoang
thoi gian Ts.

Do dau ra y,(i) va tinh sai s6: e (i) = r(i) - y(i).

Cap nhat tin hiéu diéu khién theo cong thirc hoc I&p:
u,, (i) —u(i) + f(e[r), x).

Két thuc vong lap khi diéu kién hoi tu dat dwoc, tic
la sai s6 diéu khién e (i) dat nguéng nhé hon gia tri
cho phép.

3.2.2. Ap dung vao mé hinh

B diéu khién hoc l3p dwoc ap dung vao hé théng voi
ham hoc:

u, (i) = Ku (i) + Ke i+1)

Vaoi:

K, =2K,=0.05.

Viéc cai dat bo diéu khién hoc lap duwgc thwre hién thong
qua ma ngudn chi tiét trong Phu luc (APPENDIX).

Chon ham hoe  [¢ fz()

e u(2), te[0,7]

— Bua uy () vao didukhién |, Recet trang thai ddu

abi twong va do g, ()

Tinh %,4()
Gank:=k+1

Qua trinh hoc

dang

[Ghinhan N =k [+ uy® =1, (un1(Dyy (1)

Két thuc gua trinh hoc. Bua u,(2), = N vao didu khién déi trong

Hinh 3. C4c budc xay dung bé diéu khién hoc I&p
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Murc nuwdre

Nhigt d&

Hinh 4. M6 hinh trang thai véi phwrong phap Falb-Wolovich

4. KET QUA MO PHONG

4.1. Phwong phap Falb-Wolovich

S dung bd diéu khién R,M vao so d& mé hinh trang
thai Hinh 4.

Tai t = 0 s ta dat gia tri cia m&c nwéc la 0,15 m va
nhiét d la 30°C.

Tai t = 50 s ta tang gia tri cia m&c nwéce 1én 0,25 m,
gilr nguyén nhiét doé.

Tait = 60 s ta tang gia tri cha nhiét do 1én 50°C va
khéng thay d6i mirc nuwéce.

T d6 ta thu dwgc dwdng dac tinh cila mirc nwéc va
nhiét do thé hién & Hinh 5 va Hinh 6:

0 | | | | !
02| | | | | (

1] 1] ] ) ] ] " £ 108
This gine | u)

Hinh 5. Bép (ng muc nudce khi thiét ké
béng phuong phép Falb-Wolovich

|| {7

] [ El ] © 0 w0 ™ ] w0 o
T g (3

Hinh 6. Bap (ng nhiét do khi thiét ké
béng phuong phéap Falb-Wolovich

4.2. Phwong phap hoc lap

Cai dat bo diéu khién hoc l&p vao moé hinh diéu khién
déi twong gibng véi dbi twong dung dé thiét ké phuong
phap Falb-Wolovich va thuc hién theo so' @4 Hinh 7.
Tai t = 0 s ta dat gia tri cia m&rc nwoc la 0,15 m va
nhiét do la 30°C.

Tai t = 50 s ta tang gia tri cia m&c nwédc 1én 0,25 m,
gilr nguyén nhiét dé.

Tait = 60 s ta tang gia tri cta nhiét do lén 50°C va
khéng thay d6i mirc nwéce.

=000

Hinh 7. M6 hinh véi phuwrong phap hoc 1ap
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T d6 ta thu dwgc dwdng dac tinh clla mirc nwéc va
nhiét do thé hién & Hinh 8 va Hinh 9.

0.25

I I I I I I I I
0 10 20 30 40 50 60 70 80 20 100
Thai gian ( s)

Hinh 8. Pap ing muc nuwéc khi thiét ké

béng phuong phép hoc I&p
¢
L] 10 20 30 40 Thd;’;n(s) 60 70 80 20 100
Hinh 9‘. Péap (mg nhiét dé khi thiét ké
bang phuong phap hoc lap

Két qua moé phdng st dung phan mém MATLAB cho
thdy phwong phap Falb-Wolovich mang lai 6 6n dinh
t6t hon do loai bd sw twong tac gitra cac kénh diéu
khién, giip hé théng dat gia tri mong muédn véi it dao
déng Hinh 5 va Hinh 6. Tuy nhién, th&i gian qua dé
dai hon so v&i diéu khién hoc 1ap. Nguorc lai, phuong
phap hoc 13p giup hé théng dat trang thai mong muédn
nhanh hon nhwng bi dao déng manh trong giai doan
dau Hinh 8 va Hinh 9. Khi c6 nhiéu tac dong, phwong
phap hoc 1&p c6 kha nang thich nghi tét hon, giup hé
thdng nhanh chéng tré vé trang thai dn dinh ma khong
can diéu chinh lai théng sb diéu khién.

Bang dudi day trinh bay céc chi tiéu chat lwong cla
hai phwong phap diéu khién:

Bang so sanh céc chi tiéu chét lrong ctia hai phuong phép

Tiéu chi Falb-Wolovich Hoc lap
Thoi gian qua dd Dai hon Ngén hon
Do qua diéu chinh Thép Cao
Kha nang thich nghi Kém Cao
D6 6n dinh hé théng Cao Trung binh
Yéu cAu tinh toan Cao Cao

V& mat trién khai thuc té, phwong phap Falb-Wolovich
phu hop véi cac hé théng cd md hinh toan hoc xac
dinh trwéc va it thay ddi, trong khi phwong phap hoc
l&p phu hop hon véi cac hé théng hoat dong theo mé,
c6 d&c tinh phi tuyén hodc thwerng xuyén bj thay doi
tham sé. Mot nhuoc diém cla phwong phap hoc l3p 1a
yéu cau lwu trir div liéu va tinh toan lap lai qua nhiéu
chu ky, diéu nay co thé anh hwdng dén chét lvong khi
thiét ké phan cirng thuc té.

5. KET LUAN

Bai bao da nghién ctru va danh gia hai phwong phap
diéu khién Falb-Wolovich va hoc 13p cho hé MIMO
véi rng dung cu thé 1a diéu khién mirc nwéc va nhiét
dd trong binh chira. Két qua mé phéng cho thay méi
phwong phap déu cé wu va nhwoc diém rieng. Phueong
phap Falb-Wolovich mang lai d6 chinh xac cao va giam
thiéu sw twong tac gitra cac kénh diéu khién, tuy nhién
lai c6 kh& nang thich nghi kém hon khi diéu kién hé
théng thay déi. Nguwoc lai, phwong phap hoc 13p cho
thay kha nang thich nghi tét hon va thoi gian dap (rng
nhanh hon nhung lai ¢é d6 qua diéu chinh I&n hon.

Tuy thudc vao yéu cau cu thé cla tirng hé thdng, cod
thé lwa chon mét trong hai phwong phap hodc két hop
chiing dé dat hiéu suat diéu khién téi wu. Trong twong
lai, nghién ctru cé thé mé rong bang cach tich hop cac
phwong phap diéu khién théng minh, chdng han nhw
diéu khién thich nghi dwa trén tri tué nhan tao hodc
diéu khién dw bao mé hinh dé cai thién hon niva chat
lwong hé théng.
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PHU LUC

function [c,u_data]=fcn(c_fb,u,r,y_fb)
C=u;
t=c_fb;y_1=0;
global k n j data e
if t~=u
k=k+1;
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if k==
n=n+1;
end
end
if rem(k,120)==1 && k>120
n=n+1;
end
if n==
=k
elseif n>1
j=k-(n-1)*120;
end
if n==
if j::
e(j)=r-y_1
else
e(j)=r-y_fb;
end
data(j)=2*r+0.05%¢(j);
elseif n>=2
e(j)=r-y_fb;
data(j)=2*data(j)+0.05%e(j);
end
u_data=data(j);
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